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LOG  PERIODIC  DIPOLE  ARRAY  WITH 
PARASITIC  ELEMENTS 

Normand  Barbano 


L _ ABSTRACT. 

The  design  and  measured  characteristics  of  dipole 
and  monopole  versions  of  a  log  periodic  array  with 
parasitic  elements  are  discussed.  In  a  dipole  array 
with  parasitic  elements,  these  elements  are  used 
in  place  of  every  alternate  dipole,  thereby  elimina¬ 
ting  the  need  of  a  twisted  feed  arrangement  for  the 
elements  to  obtain  log  periodic  performance  of  the 
antenna.  This  design  with  parasitic  elements  lends 
itself  to  a  monopole  version  of  the  antenna  which  has 
a  simplified  feeding  configuration.  The  result  is  a 
log  periodic  antenna  design  that  can  be  used  from 
high  frequencies  through  microwave  frequencies. 


2.  INTRODUCTION. 


This  report  concerns  modifying  the  design  of  a  log  periodic  dipole  antenna 
fed  in  phase  progression  such  that  the  antenna  will  produce  backfire  radia¬ 
tion  and  operate  in  a  pseudofrequency  independent  manner.  The  modification 
consists  basically  of  replacing  every  alternate  dipole  element  with  a  para¬ 
sitic  element  of  the  same  length.  The  resulting  configuration  is  a  log 
periodic  dipole  array  which  incorporates  driven  and  parasitic  elements  with 
the  same  design  ratio,  t,  and  element-spacing -to-element -length  ratio,  s/jfc, 
as  the  initial  antenna. 

The  characteristics  of  the  modified  antenna  are  discussed  below,  along  with 
results  of  measurements  taken  on  antenna  models  using  one  or  two  parasitic 
elements  per  cell.  It  is  shown  that  the  dipole  array  images  exactly  over  a 
perfect  ground  plane  to  form  a  log  periodic  monopole  array  with  parasitic 
elements.  Special  tuning  networks  or  transmission-line  coupling  networks 
are  shown  to  be  unnecessary  with  this  monopole  array.  Using  measured 
data,  the  antenna's  performance  is  discussed. 
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3.  GENERAL  DISCUSSION. 

— 

Co-planar  log  periodic  dipole  arrays  have  been  in  existence  since  I960, 
when  D.  E.  Isbell  published  an  article  illustrating  a  method  of  feeding  the 
elements  of  the  array  in  a  phase  reversal  rather  than  a  phase  progression 
manner.  ^  This  phase  reversal  method  of  feeding  the  structure  resulted  in 
a  log  periodic  array  with  pseudofrequency  independent  characteristics. 

The  radiation  patterns  are  unidirectional  and  linearly  polarized  in  the 
direction  of  the  dipoles.  The  beamwidths  are  constant  over  the  entire 
bandwidth  of  the  antenna.  The  input  impedance  is  nearly  constant  with 
frequency . 

Figure  1  illustrates  the  two  methods  of  feeding  the  log  periodic  dipole  array: 
phase  progression  and  phase  reversal.  In  the  first  method,  the  elements  on 
one  side  of  the  structure  are  attached  to  one  side  of  the  two-wire  trans- 
mission-line  feeder,  and  the  other  elements  are  attached  to  the  second  wire 
of  the  transmission-line  feeder.  Since  these  elements  are  closely  spaced, 
the  phase  of  the  current  in  adjacent  elements  will  progress  along  the 
structure  with  respect  to  the  feed,  as  shown  in  Figure  1A.  A  lagging  phase 
condition  is  set  up  along  the  structure,  with  the  result  that  a  forward  wave 
is  excited  and  end-fire  radiation  occurs. 

When  the  method  of  feeding  the  structure  by  phase  reversal  is  employed, 
the  result  is  backfire  radiation.  From  Figure  IB,  it  can  be  seen  that  by 
alternately  connecting  each  adjacent  element  to  the  opposite  side  of  the 
transmission-line  feeder,  a  phase  reversal  of  tt  radians  is  introduced  be¬ 
tween  each  element.  A  backward  wave  can  now  be  supported,  since  a  leading 
phase  condition  exists  along  the  structure  with  respect  to  the  feed.  This 
backward  wave  causes  the  backward  radiation  from  the  antenna. 

Since  the  conception  of  the  log  periodic  dipole  antenna,  the  use  of  the 
Brillouin  diagram  for  analyzing  periodic  structures  has  been  extended  to 
log  periodic  antennas.^’  ~>’  ^  The  Brillouin  diagram  shows  the  relationship 
of  the  phase  constant  on  a  periodic  structure,  r,  to  the  intrinsic  phase 
constant  of  free  space,  k,  such  that 

(1) 

(2) 


1.  See  list  of  References  in  Section  8. 


wTT 


and 


k  = 


g 

2tt 
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3. _ --  Continued. 

where  \  =  wavelength  of  the  bound  wave  on  the 

®  uniform  structure,  and 

Xq  =  free-space  wavelength. 

The  k-  8  version  of  the  Brillouin  diagrams  for  the  two  methods  of  feeding 
an  array  of  log  periodic  dipoles  is  shown  in  Figures  2A  and  2B.  6 

These  plots  are  normalized  with  respect  to  the  distance,  d,  along  a  unit 
cell  of  a  uniform  structure.  The  k-8  diagram  for  the  uniform  structure 
using  the  phase  progression  method  of  feeding  the  dipoles  is  shown  in 
Figure  2A.  The  dashed  curve  shows  the  variation  of  kd  versus  pd. 

Note  that  8  is  always  positive.  This  indicates  that  a  lagging  phase  con¬ 
dition  prevails  on  the  structure  relative  to  the  feed  point  for  all  frequen¬ 
cies.  Therefore,  the  wave  on  the  structure  propagates  in  the  forward 
direction,  and  only  end-fire  radiation  can  be  expected  to  occur.  In 
contrast,  the  diagram  for  the  uniform  dipole  structure  fed  with  the 
phase  reversal  method  shows  a  region  where  8  is  negative  (Figure  2B). 

In  this  region  of  the  diagram,  the  phase  along  the  structure  relative 
to  the  feed  is  leading.  A  backward  wave  will  be  supported  and  backfire 
radiation  will  occur.  The  region  between  the  45-degree  slopes(kd=  igi) 
drawn  in  the  figures  indicates  where  the  wave  on  the  structure  is  loose¬ 
ly  bound.  It  is  within  this  region  that  radiation  is  most  likely  to  occur 
on  a  log  periodic  structure.  These  diagrams  serve  to  verify  the  earli¬ 
er  conclusions  made  about  the  two  methods  of  feeding  the  log  periodic 
dipole  arrays. 

DESIGN  PARAMETERS. 


For  reference,  the  parameters  used  in  the  design  of  a  log  periodic 
dipole  antenna  are  now  discussed.  The  structure  is  completely  defined 
by  the  geometric  ratio,  t.  and  the  element-spacing-to-element-length 
ratio,  s /£.  As  apparent  in  Figure  3,  the  geometric  ratio  gives  the 

growth  rate  of  the  elements  and  spacings  by  the  following  relationships 

t  =  _Jn _  =  Xn  ,  (3) 

+  2  xn  +  2 

or 

fF  =  ln  =  _ ,  (4) 

J,  ,  x 

m  +1  n  +  1 

where  x  is  the  distance  from  the  apex  of  the  antenna  to  the  nth  element. 
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A.  k-/3  DIAGRAM  FOR  ANTENNA  USING  PHASE  PROGRESSION  METHOD 


B.  k-/3 DIAGRAM  FOR  ANTENNA  USING  PHASE  REVERSAL  METHOD 


Figure  2.  k-P  Diagram  for  the  Two  Methods  of  Feeding  an  Array 
of  Log  Periodic  Dipoles. 
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Figure  3. 


Parameters  Used  to  Define  a  Log  Pe 
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3. _  Continued. 

The  element-spacing-to-element-length  ratio  is  given  by 


(i  -/T~ ) 

2  tan  f 


(5) 


where  a  is  the  included  angle  at  the  apex  of  the  structure.  Therefore, 


=  2  tan 


l  n 


The  largest  and  smallest  values  of  £n  limit  the  bandwidth  of  the  antenna  -- 
the  lowest  frequency  by  the  longest  element  and  the  highest  frequency  by  the 
shortest  element.  The  structure  can  be  truncated  at  both  ends  without  caus¬ 


ing  any  serious  degradation  of  antenna  performance.  Different  values  of  t 
will  change  the  radiation  pattern  characteristics  somewhat.  A  high  value 


will  give  a  narrower  E -plane  and  H-plane  radiation  pattern  beamwidth,  a 


higher  gain,  and  a  larger  front-to -back  ratio.  The  impedance  increases 


with  a  smaller  value  of  t  and  angle  a.  • 
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4. 


UNIFORM  DIPOLE  ARRAY  WITH  PARASITIC  ELEMENTS. 


As  a  preliminary  examination  of  the  log  periodic  dipole  array  with  parasitic 
elements,  consider  a  uniform  array  of  driven  and  parasitic  elements,  as 
illustrated  in  Figure  4.  Its  construction  consists  of  a  two-wire  transmis¬ 
sion-line  feeder  with  the  dipole  elements  connected  in  a  fashion  similar  to 
that  shown  in  Figure  1A  (the  phase  progression  method  of  feeding  a  log 
periodic  dipole  array).  The  input  to  the  feeder  is  electrically  balanced. 
Parasitic  elements  are  placed  between  the  dipole  elements  to  obtain  a 
current  phase  reversal  of  ir  radians  from  one  element  to  the  next.  This 
phase  reversal  is  a  primary  requirement  for  obtaining  a  pseudo  frequency- 
independent  operation  of  the  antenna. 

A  uniform  dipole  array  with  parasitic  elements  24  inches  long  was  construc¬ 
ted  to  determine  its  Brillouin  (k-g  )  diagram  and  radiation  patterns  associated 
with  the  diagram.  This  structure,  shown  in  Figure  5,  has  resonant  elements 
near  490  Me.  An  element  spacing  of  2.4  inches  (0.  IX.  at  490  Me)  was  used. 
This  array  was  designed  to  have  a  50-ohm  input  impedance  at  the  design 
frequency.  The  characteristic  impedance  of  this  uniform  array  was  found 
to  be  dependent  primarily  upon  the  transmission-line  feeder  characteristics 
and  also  upon  the  element-spacing-to-element-length  ratio,  s/f  . 

Near-field  phase  measurements  for  the  k-B  diagram  were  taken  along  the 
feeder  transmission  line  of  the  structure  over  the  frequency  range  of  50  to 
1000  Me,  and  radiation  patterns  were  measured  over  the  corresponding 
frequency  range.  From  these  measurements,  the  phase  constant,  g,  is 
determined.  If  a  unit  cell  on  the  structure  is  defined  to  be  the  region  from 
one  driven  element  to  the  next  along  the  feeder  line,  then  the  Brillouin  dia¬ 
gram  can  be  normalized  in  terms  of  a  unit  cell  distance,  d.  The  diagram 
for  the  uniform  structure  is  shown  in  Figure  6  as  having  the  normalized 
coordinates,  kd  and  gd .  This  diagram  contains  a  few  of  the  measured  E- 
plane  radiation  patterns  at  discrete  frequencies. 

The  Brillouin  curve  begins  at  the  origin  at  zero  frequency  and  extends 
through  the  forward  wave  region,  0  ^  g  d  ^  it,  with  increasing  frequency. 

In  this  region,  the  phase  along  the  feeder  line  lags  the  reference  phase  at 
the  input  terminals,  and  end-fire  radiation  occurs  as  shown  by  the  radiation 
patterns.  As  the  curve  approaches  the  boundary,  g  d  =  it  ,  radiation  in  both 
the  end-fire  and  backward  directions  occurs,  indicating  that  both  the  for¬ 
ward  and  backward  waves  are  excited  on  the  structure.  The  curve  now 
extends  into  the  backward-wave  region,  tt  <  9d^  2ir,  where  a  leading  phase 

distribution  exists  on  the  feeder  line.  Backward-wave  radiation  now  occurs 
as  shown  in  Figure  6.  In  the  region  where  kd  ^  -(Pd  -  2tt),  the  surface 
wave  on  the  structure  is  loosely  bound;  however,  the  wave  is  tightly  bound 
in  the  region  where  kd  <  -(Pd  -  2tt).  The  curve  then  proceeds  to  cross  the 
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Figure  5.  Model  of  a  Uniform  Dipole  Array  with  Parasitic 
Elements  (s/^*0.2). 
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Figure  6.  Brillouin  Diagram  for  Uniform  Dipole  Array  with 
Parasitic  Elements  (s/1  c  0,  2). 
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4_ _ i _  Continued 

boundary,  g  d  =  2ir,  into  the  forward-wave  region,  2n  <  3  d  £  3tt.  The  wave 
is  still  loosely  bound  in  this  region.  At  the  intersection  with  the  line,  3d  = 
2tt,  radiation  in  both  the  end-fire  and  backward  directions  occurs  once  again 
on  the  structure,  as  shown  in  Figure  6.  The  region,  2tt  ^  3d  <  3ir,  is  then 
entered,  and  end-fire  radiation  occurs  once  again  with  the  wave  tightly  bound. 

The  Brillouin  diagram  shows  that  a  log  periodic  dipole  array  with  parasitic 
elements  is  capable  of  stable,  pseudo  frequency-independent  operation.  A 
Brillouin  diagram  for  a  particular  uniform  array  can  be  used  to  predict  the 
performance  of  other  similar  arrays,  provided  the  element-length-to- 
element  spacing,  s/i,  is  kept  constant.  This  constancy  is  achieved  b-, 
scaling  the  coordinates.kd  and  3  d,  to  compensate  for  the  difference  in  the 
element  lengths. 

The  active  region  of  a  log  periodic  antenna  occurs  where  the  electrical 
length  of  the  elements  is  nearly  a  half -wavelength;  thus  it  can  be  seen  that 
the  k-3  diagram  of  a  uniform  array  with  elements  of  equivalent  length  pre¬ 
dicts  that  backfire-radiation  will  most  likely  occur  at  this  frequency.  For 
example,  if  a  log  periodic  array  having  an  s/l  ratio  of  0.2  is  fed  with  a 
490-Mc  signal,  then  the  diagram  of  Figure  f>  will  apply.  It  is  apparent  that 
the  points  on  the  curve  corresponding  to  this  frequency  lie  in  the  backward- 
radiation  region  of  the  diagram.  A  close  investigation  of  the  frequency  band¬ 
width  in  the  radiation  region  of  Figure  6  shows  that  it  is  narrower  than  that 
of  a  conventional  log  periodic  dipole  antenna.  This  indicates  that  the 
equivalent  circuit  for  the  active  region  of  the  dipole  array  with  parasitic 
elements  has  a  higher  effective  Q.  From  this  information,  it  can  be 
predicted  that  a  higher  density  of  elements  (a  larger  value  of  t)  is  required 
for  the  log  periodic  dipole  array  with  parasitic  element  design  than  for  the 
conventional  dipole  array  design.  As  will  be  seen  below,  this  requirement 
becomes  necessary  for  successful  operation  of  the  antenna. 
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5_. _  LOG  PERIODIC  DIPOLE  ARRAY  WITH  PARASITIC 

ELEMENTS. 


5 .  1 _  _ Single  Parasitic  Element  Design. 

A  log  periodic  dipole  array  with  a  single  parasitic  element  will  be 
considered  in  this  section.  The  antenna  is  a  co-planar  type  antenna  designed 
such  that  each  alternate  element  can  be  considered  to  be  a  driven  element, 
with  parasitic  elements  located  in  between  these  driven  elements.  The 
design  parameters  for  this  structure,  t  and  s/  are  identical  to  a  conven¬ 
tional  log  periodic  dipole  array.  The  variables  used  with  these  parameters 
are  defined  in  Figure  7.  The  antenna  utilizes  a  two-wire  transmission-line 
feeder  with  a  balanced  input,  with  the  input  being  located  at  the  end  having 
the  shortest  elements.  The  driven  elements  are  connected  to  the  feeder  line, 
and  the  parasitic  elements  are  unattached,  as  described  in  the  discussion  on 
the  uniform  array.  The  length  and  spacing  between  each  adjacent  element  is 
a  function  of  the  geometric  ratio,  t,  and  the  element-spacing -to-element- 
length  ration,  s/t  ,  as  given  by  Equations  (3)  and  (5),  respectively. 

The  parasitic  elements  essentially  are  located  at  the  position  normally 
occupied  by  the  active  elements  that  connect  to  the  opposite  sides  of  the 
transmission  line  in  a  conventional  log  periodic  dipole  array.  The  parasi¬ 
tic  elements  produce  the  same  effect  as  the  driven  dipole  elements  that  they 
replace;  that  is,  they  introduce  a  constant  phase  shift  of  tt  radians  between 
elements.  A  parasitic  element,  when  located  in  the  active  region  of  the 
antenna,  receives  its  energy  primarily  by  the  mutual  coupling  between  it  and 
the  active  elements.  To  some  extent,  mutual-coupling  effects  also  exist 
between  parasitic  elements.  Energy  is  not  coupled  to  the  parasitic  elements 
capacitively  from  the  feeder  line.  To  verify  this,  experiments  were  performed 
in  which  the  spacing  between  the  parasitic  elements  and  the  transmission-line 
feeder  was  varied.  No  evidence  of  capacitive  coupling  was  noted,  since  the 
experimental  results  showed  negligible  changes  in  the  antenna  characteristics 

Several  models  of  the  dipole  array  with  parasitic  elements  were  constructed 
for  evaluation.  These  antennas  were  found  to  have  a  pseudofrequency  indepen¬ 
dent  operation.  Their  radiation  patterns  have  constant  beamwidths,  and  their 
input  impedance  is  nearly  constant  over  the  entire  frequency  range  of  the 
antennas.  It  was  noted  that  on  models  having  too  low  a  value  of  t  and  angle  a, 
the  antenna  ceased  to  function  in  a  pseudo  frequency-independent  manner. 

With  large  element  spacings,  the  mutual  coupling  between  the  parasitic  ele¬ 
ments  and  the  active  elements  is  reduced  to  a  value  below  which  the  reradiated 
energy  from  the  parasitic  element  is  insufficient  to  act  as  an  equivalent  source. 
When  the  antenna  operates  properly,  it  behaves  as  if  its  apparent  phase  center 
moves  along  the  structure  with  frequency  such  that,  over  a  period,  the  phase 
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5  .  1 _ --  Continued. 

center  will  change  continuously  and  smoothly  from  the  driven  element  to  the 
parasitic  element,  and  finally  to  the  next  driven  element. 

A  model  of  the  dipole  array  with  parasitic  elements  which  has  the  design 
parameter s ,  t  =  0.898  and  s/t  =  0.113,  is  shown  in  Figure  8 .  The  shortest 
element  of  the  structure  (an  active  element)  is  5,60  inches  long,  and  the  long¬ 
est  element  (a  parasitic  element)  is  12.54  inches  long.  The  antenna  is  fed 
with  an  infinite  balun  constructed  in  one  of  the  transmission-line  feeders.  A 
coaxial  line  with  a  characteristic  impedance  of  50  ohms  was  used. 

The  impedance  characteristics  of  this  antenna  over  a  full  period  are  shown 
in  Figure  9-  The  impedance  circles  approximately  25  ohms  with  a  VSWR  of 
2:1  over  the  frequency  range  of  600  to  700  Me.  The  low  value  of  impedance 
occurs  because  of  the  number  proximity  of  the  parasitic  element  to  the  dri¬ 
ven  element.  This  effect  is  similar  to  that  experienced  with  a  dipole  antenna 
having  a  driven  and  a  reflecting  parasitic  element. 

The  radiation  power  patterns  in  the  plane  of  the  electric  field  are  shown  in 
Figure  10.  These  patterns  have  essentially  a  constant  beamwidth  of  60 
degrees  and  a  f ront-to-back  ratio  of  15  db  or  better.  The  radiation  patterns 
are  well-behaved  over  the  frequency  bandwidth  of  the  antenna,  as  evident  in 
Figure  10,  and  no  radiation  pattern  degradation  is  experienced  because  of 
the  parasitic  elements  in  this  antenna  design. 


5 . 2 _ , _ Multiparas itic  Element  Design. 

The  next  logical  development  of  the  log  periodic  dipole  antenna  with  parasitic 
elements  is  a  model  having  more  than  one  parasitic  element  in  a  cell  (a  cell 
being  defined  in  this  case  as  the  distance  from  one  driven  element  to  the  next 
adjacent  driven  element).  To  investigate  this  interesting  possibility,  a  dipole 
array  with  only  a  single  parasitic  element,  and  having  the  design  parameters, 
t  =  0.9ands/x=  0.201,  was  constructed.  This  antenna  was  tested  and 
found  to  work  satisfactorily  in  accordance  with  the  behavior  described  in 
Section  5.1. 

The  next  experiment  involved  modifying  this  antenna  by  adding  to  it  a  second 
complete  set  of  parasitic  elements.  These  elements  were  cut  to  the  same 
length  as  the  existing  parasitic  elements  and  placed  on  the  antenna  such  that 
there  were  two  parasitic  elements  of  the  same  length  between  the  driven 
elements  or  cells.  The  relative  spacing  of  these  elements  in  each  cell  was 
varied  by  the  same  percentage  to  obtain  the  best  impedance  and  radiation 
characteristics  of  the  antenna.  The  best  design  resulted  in  a  spacing  for  the 
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Figure  8.  Log  Periodic  Dipole  Array  with  Parasitic  Elements  -- 
Single  Parasitic  Element  Design  (tb  898,  s/-£  =  0.  113). 
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5 . 2 _ --  Continued. 

first  parasitic  element  of  43  percent  of  the  distance  along  a  cell  as  measured 
from  the  shortest  driven  element  in  that  cell,  and  a  spacing  for  the  second 
element  of  68  percent  of  the  distance  along  the  same  cell.  The  antenna  of 
this  design  is  shown  in  Figure  11.  The  original  spacing  between  the  driven 
elements  is  unchanged  from  the  initial  model  and  is  spaced  in  accordance  to 
the  geometric  ratio,  t  =  0.95.  It  can  be  seen  from  Figure  11  that  the  log 

periodic  configuration  is  maintained  from  cell  to  cell  and  that  the  antenna  is 
no  longer  periodic  from  element  to  element. 

The  measured  radiation  power  patterns  in  the  electric  field  plane  of  the 
antenna  are  shown  in  Figure  12.  The  radiation  pattern  shape  is  constant 
with  frequency  and  has  half-power  beamwidths  of  50  degrees  in  the  E-plane 
and  60  degrees  in  the  H-plane  (not  shown).  Gain  measurements  greater  than 
10  db  above  isotropic  were  obtained  on  this  model.  One  of  the  most  signifi¬ 
cant  improvements  of  this  antenna  as  compared  to  the  same  antenna  with  only 
a  single  parasitic  element  per  cell  is  an  increase  in  the  front-to-back  ratio. 
An  improvement  of  5  db  or  greater  is  achieved,  giving  a  front-to-back  ratio 
equal  to  or  greater  than  20  db . 
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Figure  12.  E -plane  Radiation  Power  Patterns  of  Log  Periodic. 
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6.  LOG  PERIODIC  MONOPOLE  ARRAY  WITH  PARASITIC 

ELEMENTS. 

Because  of  the  nature  of  the  transmission-line  feeder  used  with  the  conven¬ 
tional  log  periodic  dipole  array,  the  antenna  cannot  be  imaged  exactly  over 
a  ground  plane  to  form  a  log  periodic  monopole  array.  9  As  a  result,  it 
became  necessary  to  develop  techniques  for  introducing  the  proper  amount 
of  phase  shift  between  the  monopole  elements  required  for  log  periodic 
operation.  Successful  operating  models  of  log  periodic  monopoles  are 
now  in  existence,  but  none  of  these  antennas  result  in  a  configuration  that 
conforms  to  a  true  image  of  the  log  periodic  dipole  array. 

In  this  respect,  the  log  periodic  dipole  array  with  parasitic  elements  lends 
itself  to  imaging  with  a  ground  plane  to  form  a  monopole  array  with  para¬ 
sitic  elements.  Figure  13A  shows  the  current  directions  on  the  forward 
section  of  the  log  periodic  dipole  array  with  parasitic  elements.  The  lower 
figure  (Figure  13B)  shows  half  of  this  antenna  over  a  ground  plane  and  its 
current  distribution  over  the  same  region  of  the  antenna  as  Figure  13A. 

The  current  along  the  transmission-line  feeder  of  the  monopole  array  has 
an  image  in  the  ground  plane  with  the  current  direction  reversed.  The 
driven  elements  of  the  monopole  are  connected  to  the  feeder  line.  For  this 
arrangement,  the  image  consists  of  monopole  elements  connected  to  the 
imaged  feeder  line.  The  current  in  these  imaged  elements  is  in  the  same 
direction  as  the  actual  elements  themselves.  The  parasitic  monopole 
elements  are  connected  to  the  ground  plane,  and  the  image  of  these  elements 
connects  with  the  actual  elements  to  form  an  equivalent  continuous  element 
with  a  unidirectional  current  distribution.  Therefore,  it  can  be  seen  from 
Figure  13  that  the  monopole  antenna  and  its  image,  along  with  the  removal 
of  the  ground  plane,  corresponds  exactly  to  the  dipole  form  of  the  antenna 
with  parasitic  elements. 


6.  1 _ _ _ UHF  Model. 

A  UHF  model  of  the  log  periodic  monopole  array  with  parasitic  elements 
(see  Figure  14)  was  constructed  for  evaluation.  This  antenna  consists  of  a 
metallic  ground  plane  over  which  is  placed  a  transmission  feeder  line. 

This  line  is  fed  with  the  inner  conductor  of  a  coaxial  line  as  shown  in  Figure 
14.  The  outer  conductor  of  the  coaxial  line  makes  electrical  contact  with 
the  surface  of  the  ground  plane.  The  driven  elements  are  attached  to  the 
feeder  line,  and  the  parasitic  elements  are  placed  in  between  the  driven 
elements  and  electrically  connected  to  the  ground  plane.  A  design  ratio, 
t  ,  of  0.886  was  used  for  this  UHF  model,  and  an  element- spacing -to- 
element-length  ratio,  s/l,  of  0.0568  was  used 


B.  MONOPOLE  ARRAY  WITH  PARASITIC  ELEMENTS. 


Figure  13.  Comparison  of  Log  Periodic  Dipole  and  Monopol 
Arrays  with  Parasitic  Elements. 
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Figure  14.  Log  Periodic  Monopole  Array  with  Parasitic  Elements. 
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6 . 1 _  --  Continued. 

The  VSWR  of  the  antenna  was  measured  with  respect  to  50  ohms  for  different 
transmission-line-to-ground-plane  spacings.  The  following  configurations 
were  tried: 

(a)  uniform  transmission-line-to-ground-plane  spacing 
(1/16  inch),  and  uniform  transmission-line-to- 
parasitic -element  spacing  (1/16  inch); 

(b)  uniform  transmission-line-to-ground-plane  spacing 
(1/16  inch),  and  tapered  transmission-line-to- 
parasitic -element  spacing  (tapered  from  1/16  inch 
at  feed  end  to  3/16  inch  at  opposite  end); 

(c)  tapered  transmis sion-line -to-ground-plane  spacing 
(tapered  from  1/16  inch  at  feed  end  to  3/16  inch  at 
opposite  end),  and  uniform  transmission-line-to- 
parasitic -element  spacing  (1/16  inch). 

The  results  of  the  VSWR  measurements  as  a  function  of  frequency  for  these 
various  configurations  are  shown  in  Figure  15,  A  good  match  is  shown  to 
exist  between  the  antenna  and  the  coaxial  line  feed  for  all  three  configura¬ 
tions.  It  is  important  to  note  that  the  VSWR  is  nearly  insensitive  to  the 
variations  in  the  transmission-line-to-parasitic -element  spacings.  This 
behavior  serves  as  evidence  that  the  parasitic  elements  are  excited  by 
mutual  coupling  effects  rather  than  by  capacitive  coupling. 

This  antenna  operates  in  a  pseudofrequency  independent  manner.  A  few  of 
the  measured  E-plane  and  H-plane  (20-degree  conical  cut)  radiation  power 
patterns  of  this  antenna  are  shown  in  Figures  16  and  17.  It  can  be  seen 
that  the  radiation-pattern  shapes  remain  essentially  constant  with  frequency. 
The  half-power  beamwidths  are  38  degrees  in  the  E-plane  and  120  degrees 
in  the  H-plane.  These  radiation  patterns  have  a  front-to-back  ratio  of  15  db 

In  its  simplicity  of  feeding,  this  antenna  has  the  advantage  over  other  log 
periodic  monopole  designs.  No  balun  transformer  is  required,  no  critical 
spacing  between  the  transmission-line  feeder  and  the  ground  plane  or  para¬ 
sitic  elements  exists,  and  no  capacitive  coupling  to  the  elements  is  involved 

A  second  model  of  the  monopole  array  with  parasitic  elements  was  construc¬ 
ted  using  a  smaller  value  of  "■  and  a  larger  value  of  s/jj  .  A  value  of  t  equal 
to  0.807  and  s  /l  equal  to  0.  104  was  used  This  antenna  did  not  operate  in  a 
frequency-independent  manner.  There  was  radiation  pattern  breakup  at  the 
frequencies  where  the  main  source  of  radiation  appeared  at  the  parasitic 
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Figure  17.  H-plane  Radiation  Power  Patterns  of  a  Log  Periodic 
Monopole  Array  with  Parasitic  Elements  (20-degree  conical  cut) 
(T  ■  0.889,  s/J*  0.0568). 
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6 . 1 _  --  Continued, 

elements.  The  results  of  this  experiment  showed  that  the  mutual  coupling 
between  the  parasitic  element  and  driven  element  was  too  low,  thus  indica¬ 
ting  that  there  is  a  lower  limit  to  the  value  of  t  that  can  be  used  with  this 
class  of  antennas. 

An  additional  experiment  of  interest  was  performed  where  the  parasitic 
elements  of  the  first  antenna  discussed  in  this  section  were  disconnected 
from  the  ground  plane.  This  configuration  of  the  antenna  failed  to  work  in 
a  frequency-independent  manner. 


6 . 2 _ Microwave  Model. 

A  microwave  version  of  the  log  periodic  monopole  antenna  with  parasitic 
elements  was  designed  to  operate  from  S-band  through  X-band  frequencies. 

A  design  ratio  of  0.  889  and  element-spacing-to-length  ratio  of  0. 0557  was 
used.  The  antenna  itself  was  etched  on  a  double  clad  printed  circuit  board 
with  the  driven  elements  and  the  feeder  line  etched  on  one  side,  as  shown 
in  Figure  18A.  The  connection  at  the  feed  can  be  seen  in  this  illustration. 
The  parasitic  elements  are  etched  on  the  opposite  side  and  are  shown  sold¬ 
ered  to  the  ground  plane  in  Figure  18B.  The  longest  element  of  the  antenna 
is  1.556  inches  in  length  and  the  shortest  element  is  0.  191  inches  in  length. 
A  modified  connector  was  used  for  the  feed  which  stepped  the  type-N  coaxial 
size  to  a  subminiature  coaxial  size  while  maintaining  a  50-ohm  character¬ 
istic  impedance.  This  was  done  to  prevent  radiation  from  the  feed  itself. 

The  characteristics  of  this  antenna  were  measured  and  found  to  be  pseudo¬ 
frequency  independent.  An  impedance  circle  of  about  50  ohms  with  a  VSWR 
of  3 : 1  was  measured  from  1 . 5  Gc  to  12.6  Gc  .  Radiation -pattern  measure¬ 
ments  were  also  obtained  over  this  frequency  range.  Some  of  the  E-plane 
and  H-plane  (20-degree  conical  cut)  radiation-power  patterns  are  shown  in 
Figures  19  and  20.  These  radiation  patterns  have  essentially  constant 
beamwidths  with  a  constant  vertical  take-off  angle  over  the  entire  frequency 
range  and  with  a  f ront-to -back  ratio  of  about  15  db .  The  serrations  in  the 
radiation  patterns  are  primarily  caused  by  the  limited  ground  plane  on  which 
the  antenna  was  mounted  for  the  measurements. 

This  log  periodic  antenna  is  well  suited  for  microwave  applications  in  that 
it  provides  good  electrical  performance  in  this  frequency  range  and  is 
inexpensive  to  construct.  Good  performance  is  possible  primarily  because 
of  the  simplicity  of  feeding  the  antenna.  No  special  coaxial  transformers 
are  required,  and  there  is  no  need  for  coaxial  lines  or  other  components  in 
the  vicinity  of  the  element  (such  components  would  be  a  large  percentage  of 
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Figure  18.  Microwave  Model  of  a  Log  Periodic  Monopole  Array 
with  Parasitic  Elements  (ts  0.898,  s/la  0.0557). 
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6 . 2 _ _ Continued . 

the  size  of  the  smallest  element).  The  independence  from  any  form  of 
capacitive  coupling  eliminates  the  need  for  critical  spacings 
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_ CONCLUSION. 

The  log  periodic  dipole  and  monopole  arrays  with  parasitic  elements  have 
been  introduced  and  their  characteristics  presented.  It  was  shown  that  the 
method  of  feeding  these  antennas  is  relatively  simple,  thus  making  the 
antennas  suitable  for  frequency  ranges  that  are  difficult  to  cover  with  other 
log  periodic  antennas.  It  was  also  shown  that  an  antenna  having  more  than 
one  parasitic  element  between  each  driven  dipole  element  will  work  as  a 
pseudo  frequency-independent  antenna.  In  this  respect,  there  exist  numer¬ 
ous  configurations  and  possibilities  with  the  dipole  or  monopole  arrays 
having  multipar asitic  elements  .  A  limitation  on  the  log  periodic  dipole  or 
monopole  array  with  parasitic  elements  is  that  larger  values  of  Tmust  be 
used  in  comparison  with  other  log  periodic  antennas.  As  a  result,  this 
antenna  will  always  have  a  high  density  of  elements. 

It  appears  probable  that  a  log  periodic  Yagi  antenna  design  might  evolve 
from  the  log  periodic  dipole  array  with  parasitic  elements.  In  the  multi- 
parasitic  element  design  discussed  above,  the  apparent  source  of  radiation 
appeared  to  be  confined  to  the  cells  of  the  antenna  rather  than  to  the  indivi¬ 
dual  elements  themselves.  This  effect  occurs  when  the  cells,  not  the 
elements,  are  log  periodic  in  nature.  The  cells  of  this  antenna  can  be  made 
to  conform  to  a  Yagi  antenna  design..  It  is  conceivable  that  a  log  periodic 
antenna  of  this  design  can  be  made  to  work  satisfactorily,  and  further 
experiments  to  investigate  this  are  necessary. 
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